Introduction
Lately, impressive experimental progress has been made in investigation of the rare decays of heavy Λ b baryon. The CDF collaboration [1] announced the first evidence of the rare Λ b → Λµ + µ − decay [2] . Very recently, the suppressed Λ b → pπ − µ − µ + decay, excluding J/ψ and ψ(2S) → µ + µ − resonance is observed [3] . This is the first observation of a b → d transition in a baryonic decay. The measured branching ratio is B(Λ b → pπ − µ + µ − ) = 6.9 ± 1.9 ± 1.1 +1.3 −1.0 × 10 −8 . Next, the LHCb Collaboration performed a detailed analysis of differential branching ratio, forward-backward angular distributions, and asymmetries in the meson and hadronic systems [4] . This evidence stimulated the search of other similar decays, such as Λ b → Nµ − µ + , which can in principle be discovered in the near future at LHCb.
The detailed study of Λ b baryon decays receives special attention for two reasons. The first reason is due to the fact that the Λ b baryon has spin one-half and therefore can give essential information about the helicity structure of the effective Hamiltonian. The second reason is that, many aspects of the effective theory can be tested.
In the present work, we study the Λ b → Nµ − µ + decay within light cone QCD sum rules (LCSR) [5] . This method was applied to study the electromagnetic form factors of the nucleon [6, 7] , and Σ, Λ baryons [8, 9] , as well as to the study of the rare Λ b → Λℓ + ℓ − transition [10] . This rare decay has comprehensively been studied in framework of the different approaches such as, relativistic quark model [11] , lattice QCD [12] , soft collinear effective theory [13] , heavy quark effective theory [14] , and etc. The plan of this work is organized as follows. In Section 2, the LCSR for the Λ b (Λ * b ) → N form factors are derived. The numerical analysis of the LCSR for the form factors obtained in the previous section is presented in Section 3. Using these form factors, in this section we also calculate the decay widths Λ b (Λ * b ) → Nℓ + ℓ − (ℓ = e, µ, τ ) transitions. 
and
In order to determine the form factors f i , f T i in Eqs. (1) and (2) we introduce the following correlation functions,
where η Λ b is the interpolating current of Λ b -baryon, J α (x) is the heavy-light transition current, and α index corresponds to the choice of form of interpolating current. For the decays at hand these currents are
The most general form of the interpolating current for the Λ b baryon is given as,
where a, b and c are the color indices, C is the charge conjugation operator, and β is an arbitrary parameter with β = −1 corresponding to the Ioffe current. The first step in deriving the sum rules for the transition form factors is to insert the full set of beauty-baryon states between the interpolating current η Λ b , and the transition current J α , and then the ground state contributions are isolated. At this point we meet the following problem which is absent for the mesonic system. The interpolating current of the baryon has nonzero overlap not only with the ground state with
+ , but also with the negative parity J P = 1 2 − baryon. Calculations show that the mass difference between the negative and positive parity states of the heavy Λ b baryon is about (250 − 300) MeV [15] . Therefore negative parity baryons can give considerable contribution to the sum rules. For this reason the standard quark-hadron duality approximation should be modified, which leads to the strong dependence of the sum rules predictions on the choice of interpolating current. Keeping these preliminary remarks in mind, the expression for the physical part of the correlation can be written as,
where summation is performed over the positive and negative parity Λ b baryons. The first matrix element in Eqs. (5 and (6) is defined in terms of the residues of Λ b and Λ * b baryons as follows
Using Eqs. (1), (2), (7), and (8), the hadronic part of the correlation function can be written as,
We proceed now calculating the correlation functions (see Eq. (3) , in order to justify the operator product expansion (OPE) near the light cone x 2 ≃ 0. The OPE is performed over the twist of the nonlocal operators and it includes the nucleon distribution amplitudes (DAs). Contracting the b-quark fields for the correlation functions, from the QCD side we get,
where
The heavy quark operator S Q (x) is obtained in [16] , whose expression is given as,
where K i are the modified Bessel functions, and G µν is the gluon field strength tensor. It follows from Eq. (11) that in order to calculate the correlator function the matrix element ǫ abc 0|u
, of the three quark field operators between vacuum and nucleon near light cone x 2 → 0 is needed. This matrix element is parameterized in terms of the nucleon DAs and is given in [6, 7] (for more details about the nucleon DAs, see also [20] ). Substituting the parametrization of the matrix element ǫ abc 0|u
in terms of the nucleon DAs and the heavy b-quark propagator, the correlation function from the QCD side can be calculated straightforwardly.
In order to suppress the higher states and continuum contributions we perform the Borel transformation over −(p − q)
2 to the expressions of correlation function from the hadronic and the QCD sides, and matching the coefficients of the relevant structures we get the following sum rules for the form factors:
(p, q), (13) where, superscript I represents transition current γ µ . Here, Π
(p, q), and Π (I) B 6 (p, q) are the invariant functions for the Lorentz structures, p µ , p µ q, γ µ ,γ µ q, q µ , and q µ q structures, respectively.
The results for γ µ γ 5 current are obtained from Eq. (13) with the following replacements:
The sum rules for the form factors induced by the iσ µν q ν current we get:
(p, q) , (14) where
, and Π
are the invariant functions for the structures p µ q, q µ q, q µ , and γ µ , respectively. The sum rules for iσ µν q ν γ 5 transition current can be obtained from equation (14) by making the replacements f
. The explicit form of these invariant functions are quite lengthy, and for this reason we do not present them in this work.
Few remarks about calculations of the Borel transformation from the QCD side are in order. After performing the Fourier transformation the invariant amplitudes get the following form
where the denominator is given by ∆ = m
In order to perform Borel transformation we rewrite denominator in the form
Following this replacement, the Borel transformation and continuum subtraction are performed [6] :
where x 0 is the solution of the equation
Solving Eqs. (13) and (14) we obtain the desired sum rules for the transition form 
Note that this correlator is used to calculate the residue of the Λ b baryon when for the pseudoscalar-and axial-vector currents are used [11] . We also use this correlator to calculate the residues of the Λ b (Λ * b ) baryons by using the most general form of the interpolating current of the Λ b baryon. Following the standard method, i.e., performing the Borel transformation and continuum subtraction procedures, we obtain, we obtain,
The expressions of the invariant functions T 3 . The input parameters entering the DAs of nucleon are taken from [5, 6] , whose values are,
As has already been noted in further numerical analysis the value of residues λ Λ b (λ Λ * b ) of the Λ b (Λ * b baryons are needed. In this regard, the mass sum rules for the Λ b (Λ * b baryons for the most general form of the interpolating current contain three auxiliary parameters, namely, Borel mass parameter M 2 , continuum threshold s 0 , and the arbitrary parameter β. The working region of M 2 for the residue is determined by using the standard criteria, i.e., the power corrections and continuum contributions should be suppressed at the chosen values of s 0 and β. As the result of these requirements the working region of the Borel mass parameter is found to be 4 GeV 2 ≤ M 2 ≤ 6 GeV 2 . The continuum threshold can be obtained from the condition that the mass sum rules reproduce the lowest baryon mass with an accuracy of 10%, for a given value of β. The numerical analysis performed in this regard, determines the working region of the continuum threshold to be s 0 = (40 ± 1)GeV 2 . Finally, in order to find the working region for the parameter β, we studied the dependence of Λ b (Λ * b ) on cos θ, where tanθ = β. We observe that the residue demonstrates a good stability to the variation of cos θ in the domain −1 ≤ cos θ ≤ −0.5, within an uncertainty of less than 4%. Therefore, in the proceeding analysis we shall use β = −1. Taking into account of the working regions of the aforementioned parameters M 2 , s 0 and β, the values of the residues λ Λ b and λ Λ * b which we shall use our analysis are found to be,
We now turn our attention to the calculation of the Λ b (Λ * b ) → N transition form factors. The working region of M 2 for these form factors is determined in accordance with the aforementioned requirement, i.e sufficient suppression of the power correction and continuum contributions. Our analysis shows that these conditions are simultaneously satisfied when M 2 lies in the domain 15
For the continuum threshold and the arbitrary parameter β, we use s 0 = (40 ± 1)GeV 2 and β = −1, respectively. The LCSR predictions, unfortunately, do not work in the entire physical region. The prediction of LCSR for the form factors are reliable up to q 2 = (10 − 11) GeV 2 . Since at large q 2 the contributions of higher twists become sizable and convergence of OPE is questionable. In order to extend the LCSR prediction for the form factors to the entire physical domain q 2 = (m Λ b − m N ) 2 GeV 2 we use the z-series parametrization suggested in [19] , where
The best parametrization of the form factors, with which the predictions of the LCSR are reproduced with a high accuracy in the q 2 ≤ 11 GeV 2 region, is given as
For the pole masses we use, 
the following form [20] :
where, C i are the Wilson coefficients and set O i represent local operators. The matrix element responsible for the Λ b → Nℓ + ℓ − transition can be obtained from the effective Hamilton by sandwiching it between Λ b and N states, after which the matrix element responsible for Λ b → Nℓ + ℓ − decay takes the following form,
where, 
The matrix element for the Λ * b → Nℓ + ℓ − transition cam be obtained from the matrix element for the Λ b → Nℓ + ℓ − by first making the following replacements:
; and further making the following ones:
Our final goal is to calculate the differential width of the Λ * b → Λℓ + ℓ − decay, whose expression is given as
where α is the fine structural constant, v ℓ = 1 − 4m , and the expressions of Γ 1 (s) and Γ 2 (s) are given in the Appendix.
We also calculate the differential decay width for the Λ * b → Nℓ + ℓ − transition whose expression can easily be obtained from the differential decay width of the Λ b → Nℓ + ℓ − transition with the help of appropriate replacements. The differential branching ratios for the At the end of this section we would like to make few comments on the results of the Λ b → N transition form factors with the ones existing in the literature. The form factors of Λ b → Nℓν transition has already been calculated in framework of the LCSR in [20] , by taking the contributions of the Λ b and Λ * b decays into account. Our results for the form factors f 1 , f 2 , g 1 , and g 2 are different compared to the ones presented in [20] . This can be attributed to the fact that, in the present work, we have used different form of the interpolating current than that used in [20] . As we have already noted, the results for the Λ * b baryon are very sensitive to the choice of the interpolating current. We have also checked that if interpolating current presented in [20] were used, our results on the form factors coincide with the predictions of the work [20] . The Λ b → N transition is studied in [21] in framework of the LCSR, but without taking into the contributions of Λ * b baryons into account. And also the continuum subtraction procedure is performed rather in an inconsistent manner. For this reason, our predictions for the branching ratios are a bit off compared to the ones presented in [21] , due to the considerable differences on the predictions of the form factors. Moreover, the Λ b → Nℓ + ℓ − decay is studied within the relativistic quark-diquark picture in [22] . When compared, our predictions on the relevant form factors are different than those predicted in [22] , where the results for the branching ratios are, approximately, two times smaller compared to our predictions.
The sum rules for the form factors can further be improved by taking into account the α s corrections to the DAs, and improvements on the input parameters present in these DAs. The results we obtain for branching ratios of the the CKM suppressed Λ b → Nℓ + ℓ and Λ * b → Nℓ + ℓ decays governed by the b → dℓ + ℓ − transition, give confidence that these decays can be discovered at LHCb at near future.
Conclusion
In present work, we calculate the transition form factors of Λ b → Nℓ + ℓ − decay in the framework of the LCSR. We take into account the contribution of negative parity Λ * b baryon to the sum rules. Using the obtained results for the form factors we estimate the branching ratios of Λ b → Nℓ + ℓ − , and Λ * b → Nℓ + ℓ − decays. We also compare our predictions on the form factors and branching ratios with the ones existing in the literature. From these results we can conclude that these decays can be observed at the near future at LHCb. Figure captions Fig. ( 2) The same as in Fig. (1) , but for the Λ b → Nτ + τ − transition. 
